Abstract Samples (n = 485) of raw (n = 394) or heat-treated (n = 91) milk of three different species (cow, n = 170; sheep, n = 133; donkey, n = 84), collected 2013-2016 in Western Sicily (Southern Italy), were analyzed for aflatoxin M 1 (AFM 1 ) by enzyme-linked immunosorbent assay (ELISA). Positive ELISA results were further analyzed by HPLC with fluorescence detection. Both methods had a detection limit for AFM 1 in milk of 7 ng kg −1
Introduction
Aflatoxins are highly toxic and carcinogenic mycotoxins produced by several fungal species, most notably Aspergillus flavus and Aspergillus parasiticus (Creppy 2002) .
Eighteen aflatoxins have been identified to date. Aflatoxin B 1 (AFB 1 ), the most toxic of these compounds (Škrbić et al. 2014) , is commonly found in carbohydrate-rich cereals such as rice, corn, and wheat that are useful in the production of feedstuff (Davis and Diener 1968) . Cereals and silage are the most frequently contaminated of the various feedstuffs susceptible to mycotoxin contamination (Scudamore and Livesey 1998) . Depending on factors such as the animal species (0.2-6.2% for bovines, 0.03-0.25% for sheep, and 0.4% for goats), milk yield, animal health, and type of diet (Romero de et al. 2010; Duarte et al. 2013 ), a portion of theAFB 1 is secreted into milk after metabolization into aflatoxin M 1 (AFM 1 ) by the microsomal cytochrome P450 (Rao and Chopra 2001; Battacone et al. 2003; Rastogi et al. 2004; Santini et al. 2013 ). Due to its high affinity towards proteins such as casein, AFM 1 is predominantly eliminated by milk production (EFSA 2004; Ayar et al. 2007; Tsakiris et al. 2013) . AFM 1 has been classified as a group 1 carcinogen by the International Agency for Research in Cancer (Ostry et al. 2017) . This is because it damages DNA and causes cell transformation in mammalian cells in vitro, gene mutations, and chromosomal anomalies (Caloni et al. 2006) . It may also have hepatotoxic, neurotoxic, and immunosuppressive effects (Creppy 2002) . As it is very stable, AFM 1 is extremely resistant to milk transformation processes such as pasteurization and UHT treatment (Oruc et al. 2006; Tsakiris et al. 2013) .
The European Commission has established a maximum level of 0.05 μg kg −1 for AFM 1 in raw milk, heat-treated milk, and milk for the manufacture of milk-based products. For infant formulae and follow-on formulae, including infant milk and follow-on milk, as well as for dietary foods for special medical purposes intended specifically for infants, a lower maximum level of 0.025 μg kg −1 for infant formulas has been set (European Commission 2006). As an excellent source of protein, vitamins and anti-oxidants, milk is a food stuff that satisfies the nutritional and immunological requirements of humans and infants (Picciano 2001; Zulueta et al. 2009 ), therefore constant surveillance for contaminants such as AFM 1 is required to ensure consumer health. The specific environmental conditions of the Mediterranean in terms of humidity and temperature could facilitate the presence of AFB 1 in vegetables, and then AFM 1 in milk, meaning that greater attention should be paid to this geographic area (Galvano et al. 2001; Ghidini et al. 2005; Vallone et al. 2006; Decastelli et al. 2007; Santini et al. 2013; Malissiova et al. 2013) . The aim of the present work was to assess the frequency and levels of AFM 1 in milk produced and commercialized in Sicily (Southern Italy) in order to provide data for risk assessment. Because of cost efficiency, screening analyses were carried out using the ELISA methodology. An HPLC method coupled with fluorescence detection (FLD) was used as a reference to reanalyze ELISA-positive results.
Materials and methods

Sample collection
A total of 394 milk samples were collected between 2013 and 2016 from 40 local farms of Sicily (Southern Italy). The sampling was carried out during winter, autumn, and summer for a total of 164 raw and 230 pasteurized milk samples. The sheep and cow local farms were selected based on their position, descriptive characteristics (number of animals and breeds), nutrition profile, farming system, and sampling season. Details of the farms and the milk samples collected are shown in Table 1 and Fig. 1 . All the sheep and cow local farms under study were located in lowland areas and had adopted a traditional farming system with threshed wheat straw, bran wheat, and maize feed supply. All the cow and sheep specimens belonged to native breeds (cinisara and modicana for cows and beliciana for sheep, respectively). The donkey milk came from organic farming. Further, a total of 91 heat-treated milk samples were collected from retail stores, which included 51 samples of cow milk and 40 samples of sheep milk. All of these samples were of ultrahigh temperature (UHT) type and came from two Sicilian brands. The samples were transported under sterile conditions to the Laboratory of Food Chemistry Area of the Istituto Zooprofilattico Sperimentale della Sicilia, where they were stored at − 80°C until the analyses.
ELISA reagents and procedure
Screening analyses were performed using the I'screen AFLAM1 kit (Tecna s.r.l., Trieste, Italy), which contained all the reagents and standards for the assessment and a microplate photometer Multiscan GO (Thermo Fisher, Massachusetts, USA) set at 450 nm. Preparation of the samples was carried out according to the kit's instructions after the removal of fat by centrifugation at 1008×g for 10 min. All the samples were analyzed in duplicate. A calibration curve was produced by plotting absorbance values against concentrations of standard solutions. This enabled the calculation of AFM 1 levels in a concentration range between 0.005 and 0.25 μg l −1
. The method was validated for the limit of detection (LOD), the limit of quantification (LOQ), the detection capability (ccβ), the expanded measurement uncertainty (U), the relative standard deviation of repeatability, and the recovery at the 0.01 μg kg 
HPLC-FLD reagents
Standard AFM 1 (≥ 99.0%) was purchased from SigmaAldrich (Steinhem, Germany) for the preparation of standard stock solutions. Mixed solutions of analyte and internal standard working solutions were prepared daily in acetonitrile and were used to spike the samples. Deionized water was obtained using a Milli-Q® integral water purification system (Merck KGaA, Darmstadt, Germany). Acetonitrile (ACN) and HPLC grade methanol were purchased from VWR (Milan, Italy).
HPLC-FLD procedure and validation
All the positive and non-compliant samples were confirmed by using a validated HPLC with fluorescence detection (HPLC-FLD) method. The extraction and purification of the samples were carried out using VICAM immunoaffinity columns (Waters Corp, Milford, Massachusetts, USA). Fifty milliliters of the sample were transferred into a 50-ml tube, fortified with 25 μl of a AFM 1 standard stock solution (concentration 100 μg l −1
) to achieve a final concentration in milk of , and then centrifuged for 15 min at 1792×g to facilitate fat removal. Subsequently, the samples were transferred to the immunoaffinity columns preconditioned with 20 ml of deionized water. They were then eluted with a flow rate of 2 ml min −1
. The columns were washed with 40 ml of deionized water and then eluted with an ACN/methanol solution (3:2, v/v). The samples were dried at 50°C under a stream of nitrogen and the residues were rehydrated with an ACN/ water solution (25:75, v/v) for the HPLC analysis. An HPLC Series 1200 Agilent Technologies (Palo Alto, CA, USA) system equipped with an autosampler and a fluorescence detector was used for the analyses and quantification of the AFM 1 . The fluorescence detector was set with excitation and emission wavelengths of 365 and 435 nm, respectively. A Zorbax Eclipse XDB-C18 column (4.6 × 150 mm, Agilent Technologies) was used.
Mobile phase was ACN: water (25:75, v/v) in isocratic mode at a flow rate of 0.9 ml min −1 and a column temperature of 30°C. The quantification was carried out based on the creation of a calibration curve constructed with the use of standard AFM 1 solutions in ACN for a total of six concentration points (0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 μg L
−1
).
The method was validated by an in-house model according to the European Union Commission decision 657/2002 (European Commission 2002) for linearity, limit of detection (LOD), limit of quantification (LOQ), repeatability, recovery, and expanded measurement uncertainty. The linearity was assessed by the injection of standard solutions at five concentration points (three replicates for each), admitting r 2 > 0.995. The LOD and LOQ were calculated using the formula:
Where s a is the standard deviation of the intercept; and b is the slope of the regression line obtained from the calibration curve. Repeatability and recovery were calculated by analyzing blank samples (milk samples which did not show AFM 1 presence) spiked at three fortification levels (0.025, 0.05, and 0.075 μg kg , six replicates for each sample analyzed). A bottom-up method was used for a relative-expanded measurement uncertainty calculation with a coverage factor of two (95% confidence level). 
Statistical analysis
All the results under the LOD of the method were considered for statistical analysis as the same value of the LOD according to Helsel (2005) . The conditions of normal distribution and the homogeneity of variance of the data were not met, and therefore a Wilcoxon rank sum test was carried out to evaluate significant differences between the AFM 1 levels in the cinisara and modicana cow milk samples and between the cow and sheep milk samples (p < 0.05). A Kruskal-Wallis test was performed to assess significant differences in the AFM 1 concentrations between milk samples from the local farms examined (p < 0.05). All the statistical tests were conducted using the R®3.0.3 software.
Results
The validation of the ELISA method determined a LOD of 0.007 μg kg . About 4% of the sheep milk samples had AFM 1 levels above the LOD, with a mean of 0,008 ± 0,01 μg kg , three times higher than the European Union maximum level. It is interesting to note that all samples of donkey milk were free of detectable levels of AFM 1 .
All samples of heat-treated cow milk or sheep milk from retail stores were also negative for AFM1.
No significant differences in AFM 1 contents were found between the cinisara and modicana cow milk samples from local farms (푊 = 1476; p > 0.05), even between the sheep and cow milk samples (푊 = 1592; p > 0.05). No significant differences in AFM 1 concentrations were even found between the milk samples that came from different local farms (KruskalWallis chi-squared = 7.19; df = 39; p > 0.05). Most of the samples that contained AFM 1 were collected during summer (40%) and autumn (40%). AFM 1 concentrations higher than the limit imposed by EC Reg. 1881/2006 were confirmed by the HPLC-FLD method in only two samples of raw sheep milk collected in July. The presence of matrix interferences produced false positive ELISA results in only five samples, which have not been confirmed by HPLC-FLD method.
Discussion
The low number of false ELISA results confirmed that this methodology is a valid tool for the screening of AFM 1 in milk samples. Furthermore, the HPLC-FLD method proposed in this work has proved to be reliable for the AFM 1 detection in milk. Different studies have demonstrated that aflatoxins are very harmful to human health (Galvano et al. 1996; Kim et al. 2000; Martins and Martins 2000; Bakirci 2001) . As a result, it is necessary to check regularly for the presence of AFM 1 in milk, which is an essential element of a Mediterranean diet, especially for infants. Our results showed a very low presence of AFM 1 , with only two samples of raw sheep milk above the limit imposed by the European Commission regulation 1881 (European Commission 2006 . AFM 1 contamination was only found in cow and sheep milk. The presence of AFM 1 depends on many factors related to the biology of the organisms, the milk yield, and the presence of AFB 1 in feed (Saad et al. 1989; Martins et al. 2005; Malissiova et al. 2013) . The higher incidence of AFM 1 in cow milk (4.5% of the total) may be due to the type of feed and how AFB 1 is assimilated and metabolized in these organisms (Barbiroli et al. 2007; Hussain et al. 2010; Fallah et al. 2011) . Similar studies conducted in Southern Italy and Sicily revealed a higher incidence of non-compliant samples, even though the results of this work confirm a constant decrease over the years, probably due to changes in farm management practices such as the storage and processing of feedstuff (Visconti et al. 1985; Finoli and Vecchio 2003; Bognanno et al. 2006; Santini et al. 2013 ). However, despite that, our results seem to reveal a decreasing trend on the incidence of (Galvano et al. 1996; Virdis et al. 2008) . Most of the breeders in Southern Italy feed their livestock with concentrated feed based on corn, threshed wheat straw, and bran wheat, which are stored for long periods outside barns and are therefore more vulnerable to mold attacks due to high humidity and temperatures (Dutton and Kinsey 1996; Sassahara et al. 2005; Hussain et al. 2008) . In contrast, the feed strategies of dairy farms in Northern Italy are based on lucerne (Medicago sativa L.), ryegrass (Lolium multiflorum L.), and corn, which are generally transported to the farms at the time they are required (Chaisri et al. 2017) . AFM 1 -positive samples were mostly found during summer and autumn. Its presence during autumn may be due to the limited availability of pasture land and fodder. During this period, animals are predominantly fed with compound feed, which is often stored in conditions that facilitate the growth of mold and the subsequent production of AFB 1 (Bognanno et al. 2006) . All processed milk samples collected from retail stores and examined in this study came from two Sicilian milk-processing industries, signifying their good practices in relation to the transport and storage of feed by controlling the moisture and temperature, and the sanitation of milk plants by cleaning storage units prior to loading new produce (Hell et al. 2000; Chaisri et al. 2017) .
The low number of samples that were positive for the presence of AFM 1 seems to be in accordance with other studies which speculate that native breeds may have a greater resistance to aflatoxins (Niranjan et al. 1986; Gorelick 1990; Malissiova et al. 2013) . However, further studies based on parallel feeding of different breeds with the same amount of AFB 1 are still needed to have a reliable confirmation. The present work wanted to give more information on the presence of AFM1 in sheep milk. The study of the contamination of sheep milk by aflatoxins is particularly important, given the high amount of proteins (higher than cow milk) and their affinity with AFM 1 . Despite the high amount of proteins in sheep milk, the results of the present work showed AFM 1 frequency lower than cow's milk. Our results seem to confirm what was reported by Battacone et al. 2003 on AFB 1 administration experiments in dairy ewes. The administration of a single dose of AFB 1 to lactating dairy ewes showed that total AFM 1 excretion in milk is lower than that observed for the dairy cows. The excretion of the AFM 1 in milk followed an exponential decreasing pattern with high variability among animals. Further investigations are, however, required if clear conclusions are to be reached. The literature contains reports on a high number of studies carried out in the Mediterranean and Middle East, where environmental conditions may facilitate the production of AFB 1 in agrifood products and then the production of AFM 1 in milk (EFSA 2004) . The AFM 1 levels found in this work appear to be in line with those in other studies carried out in Southern Italy and Greece (Santini et al. 2013; Malissiova et al. 2013; Armorini et al. 2016) , which revealed a low frequency of AFM 1 as well as very low-toxin levels in positive samples. All the donkey milk samples came from donkeys that live freely, and all were negative for AFM 1 . Accordingly, it might be interesting to assess the state of contamination of their milk, with the focus on feeding and their physiology, given the scarcity of such studies reported in the literature. Overall, the frequency and levels of AFM1 in cows and sheep milk were relatively low, well below regulatory levels in nearly all cases. For the first time, the complete absence of AFM1 in donkey's milk could be demonstrated in this study on a larger sample size. Nevertheless, continuing monitoring is certainly required to ensure an efficient consumer protection.
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